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SCIENCE'S COMPASS
RNA forms a hybrid with the cytosine-rich DNA template leaving the other DNA strand (the nontemplate strand) on its own (6) . The RNA in the hybrid is sensitive to ribonuclease (RNase) H, an enzyme that specifically snips the RNA in DNA-RNA hybrids. In their new work, Tracy et al. (1) now demonstrate that after B cells from mouse spleen are induced to undergo CSR, RNA-DNA hybrids form within the S regions of the DNA. They also provide data indicating that these RNA-DNA hybrids are important for CSR in vivo.
To isolate S region RNA-DNA hybrids, the investigators used RNase A (which cleaves single-stranded RNA), followed by DNase I (which cleaves all DNA), to digest all of the nucleic acids of B cells activated by cytokines and lipopolysaccharide to induce CSR. In the residual material (which should contain RNA that was present in RNA-DNA hybrids) they detected a heterogeneous RNA population containing S region sequences. The RNA species were found in B cells that had been induced to express the germ line transcripts, and the S region sequences in the RNA-DNA hybrids were derived from the intron regions of these transcripts. Treating activated B cells with RNase H before DNase I eliminated this RNA population.
To test whether the RNA-DNA hybrids are required for CSR, Tracy et al. (1) created transgenic mice that constitutively express RNase H in splenic B cells (and presumably in many other cells). The immune system of these mice is normal in a variety of tests, although they have greatly reduced levels of S region RNA-DNA hybrids. When the mice were immunized, their B cells showed an impaired capacity for class switching relative to the B cells of wildtype mice, as assessed by levels of antigenspecific serum IgG and examination of DNA recombination within S regions.
These results raise several interesting questions. What structural features of the S region are required for formation of the stable hybrid during transcription? Although mouse and human S regions are Grich, and runs of guanosines are known to form unusual structures, this may not be a crucial feature because the S region upstream of the Ig C,u gene in the frog Xenopus is A-T rich (7). It is possible that the stretches of purine-pyrimidine asymmetry, the repeated sequences, and the numerous palindromes (sequences that read identically in both directions) in the S regions of mouse, human, and Xenopus are essential for CSR.
How does the RNA-DNA hybrid regulate class switching? Tracy and co-workers suggest that it could serve as the recognition target for a hypothetical endonuclease that initiates CSR by creating doublestrand breaks (8) (see the figure) . This is an interesting hypothesis, although none of the available data indicate that germ line transcripts are required for formation of double-strand breaks in S regions.
Although the authors do not determine whether splicing of germ line transcripts is required for formation of RNA-DNA hybrids, it is possible that splicing may stabilize the hybrids by removing extra nucleotides incapable of participating in their formation. Answers to these and other questions raised by the Tracy et al. study will bring us to a much better understanding of the mechanism of CSR. The ferrets search burrows for sleeping prairie dogs, then position themselves on top of a dormant prairie dog, which they wake with a light tap followed by a sudden grab for the throat of the waking animal. This response seems to be innate because even naive black-footed ferrets will bite in the correct location. However, the ability of ferrets to locate prairie dogs and assume the position for attack seems to require experience. Black-footed ferrets that have been exposed to prairie dogs in large pens before release are much more successful at capturing prairie dogs than either purely naive individuals or those trained to catch hamsters in small artificial pens.
PERSPECTIVES
Three states (Colorado, Montana, and New Mexico) now have on-site breeding and preconditioning pens. This should maximize the success of reintroductions at these sites. Unfortunately, reintroduction at the original Wyoming site has had to be curtailed after an outbreak of sylvatic plague that killed not only the ferrets, but also their prairie dog prey. Plague is occasionally introduced to prairie dog colonies by coyotes and badgers, and usually leads to the death of 99% of the colony. Canine distemper remains a second major disease threat to black-footed ferrets. Although a vaccine is potentially available for reintroduced animals, the company that has manufactured it has so far been unwilling to market the monovalent form that can be used in black-footed ferrets because the market is so small. This puts a further constraint on the future success of reintroduction efforts.
The quired to sustain a viable black-footed ferret subpopulation of around 10 breeding pairs. This has delayed reintroduction of more ferrets according to Della Garrell, the captive program coordinator of the Cheyenne Mountain Zoo. Moreover, the distances between these big prairie dog colonies are too large to be effectively traversed by reintroduced black-footed ferrets as they disperse. Thus, the future preservation of prairie dogs and black-footed ferrets will be strongly tied to the future use of public and private lands in the western United States and northern Mexico. Although the Bureau of Land Management has made some progress in protecting prairie dog colonies on private lands in Utah, other areas remain subject to frequent abuse by off-road vehicles and leases for grazing cattle. Unfortunately, most prairie dog colonies tend to be on private lands where they are subject to the whims of landowners. Most ranchers see prairie dogs as a threat to their livestock, although the evidence for this is equivocal (3). David Wilcove, senior ecologist with the Environmental Defense Fund, sees both the prairie dogs and ferrets as an important opportunity, rather than a threat to cashstrapped cattle ranchers, most of whom make only a modest one dollar per acre per annum. "In the long term, the biggest obstacle to recovering the black-footed ferret is the shortage of really large prairie dog colonies. There aren't many places left in the West that have enough prairie dogs to sustain a viable population of ferrets." Wilcove and his colleagues are examining the possibility of using economic incentives to encourage ranchers and farmers to maintain prairie dog colonies on their property. As he says "Wouldn't it be great if we could declare a cease-fire in our century-old war against prairie dogs? I'm confident there's enough room for both people and prairie dogs in the American west." Hopefully some of these prairie dog colonies may prove large enough to be sites for future introductions of captive black-footed ferrets, allowing their range to be extended even further.
